We present optical spectropolarimetric observations of three radio-loud broad-line active galactic nuclei: 3C 332, 3C 351 and 4C 73.18, together with new observations of 3C 390.3, which we observed previously. Intrinsically polarized broad Ha emission was detected in 3C 332 and 3C 390.3 at levels of ,3 per cent and ,1 per cent, respectively. Significant polarization was not detected in 3C 351, while the polarization measured in 4C 73.18 (,1 per cent) is consistent with foreground contamination by the galactic interstellar medium. Although 3C 332 and 3C 390.3 both exhibit`double-peaked' broad Ha line profiles, their polarization properties differ significantly. The polarized Ha emission in 3C 332 has a similar profile to that seen in total flux and the continuum and line emission is polarized at 708 to the axis of the radio source. In 3C 390.3, however, the double peaks seen in total flux are suppressed in polarized flux and the Ha line and continuum are polarized at ,58 to the axis of the radio emission. Comparison of these new observations of 3C 390.3 with data obtained 2 years previously reveals significant variations in both total and polarized flux.
I N T R O D U C T I O N
The broad emission lines are often the most prominent features in the near infra-red to ultraviolet spectral region of active galactic nuclei (AGN). Variability studies have confirmed that the lineemitting gas is located close to the central continuum source ± within a few light days in moderately luminous Seyferts, the characteristic radius scaling approximately as the square root of luminosity (Kaspi et al. 1996) . It is reasonable to assume that the physical properties of the line-emitting region (the broad-line region, hereafter BLR) are strongly influenced by the`central engine' of the AGN and therefore understanding these properties is likely to have important implications for our picture of the nature of nuclear activity itself. However, although it is widely accepted that the BLR is photoionized by the central EUV continuum, there is currently little agreement even as to such basic properties as its overall geometry or the kinematics of the emitting gas. The fundamental problem in studying the BLR is that it is not accessible to direct imaging or two-dimensional spectroscopy and while reverberation mapping studies have provided a size scale (e.g. Peterson et al. 1998) , they have as yet cast little light on the geometrical structure (although results from such studies seem to argue against predominantly radial motions in some sources ± e.g. Wanders & Peterson 1996) .
Spectropolarimetry provides a powerful tool with which to investigate the geometry of unresolved sources such as the inner regions of AGN. In recent years, this technique has been used extensively to investigate the nuclei of both Seyfert (e.g. Goodrich & Miller 1994 ) and radio galaxies (e.g. Antonucci 1984; Young et al. 1998) . In particular, the discovery of scattered broademission lines in polarized flux in a number of Seyfert 2 galaxies and narrow-line radio galaxies (e.g. Antonucci & Miller 1985; Young et al. 1996) has played a major role in the development of unification schemes for AGN (e.g. Antonucci 1993 ).
However, spectropolarimetry can also be used to investigate the structure of the BLR itself in objects where the broad-lines are seen directly. The diagnostic strength of this technique lies in its sensitivity to scattered, and therefore polarized, light. Since the highest degrees of polarization are obtained for large scattering angles, the polarized flux spectrum provides a view of the nucleus that will, in general, be different to that offered by our direct line of sight. Thus, comparing broad-line profiles measured in total (predominantly direct) and polarized (scattered) flux is potentially a powerful way of discriminating between models of the BLR. This is the primary motivation for our programme of highquality spectropolarimetric observations of the Ha lines in broadline radio galaxies (BLRG) and low-redshift radio-loud quasars. These objects are particularly suitable for an investigation of this sort for two reasons.
First, their broad-line profiles exhibit a wide range of structure. In several cases`double-peaked' Balmer lines have been observed that are characterized by strong components displaced by several thousand km s 21 blue-and redwards, respectively, of the systemic velocity (e.g. Eracleous & Halpern 1994, hereafter EH94) . All of the models advanced to explain such structures feature axisymmetric geometries in which the separation of the displaced components, and hence the overall shape and width of the line profile, vary with inclination to the line-of-sight. These models include:
(i) a relativistically rotating disc , hereafter CH89);
(ii) a bi-polar outflow Robinson 1995) ; (iii) a pair of orbiting BLRs associated with the components of a supermassive black hole binary (Gaskell 1988 (Gaskell , 1996 ; photoionization of the BLR by twin ionizing continuum beams (Goad & Wanders 1996; Koratkar et al. 1996) . Secondly, the strong and well-resolved radio sources of these objects can be used to define a symmetry axis to which the polarization position angle can be related, providing vital constraints on the scattering geometry. Furthermore, the radio source morphology as quantified by the`compactness parameter' (R, the ratio of the radio core flux density to the extended lobe flux density, Orr & Browne 1982 ) is believed to provide an indication of the inclination of the radio jets to the line of sight.
In an earlier paper (Corbett et al. 1998 ; hereafter Paper I) we reported on observations of seven BLRG, including two, Arp 102B and 3C 390.3, which are among the objects exhibiting the clearest and best-known examples of double-peaked broad Balmer lines. We showed in particular that for plausible scattering geometries, the polarization properties of the Ha lines in those objects are difficult to explain in terms of scattering of emission from a rotating disc. Rather, we argued that the data are consistent with toroidal scattering of line-emission from a bi-polar flow. In this paper, we present observations of 3C 332, another object well known to exhibit double-peaked Balmer lines, 3C 351, 4C 73.18, and new observations of 3C 390.3. Two of these sources, 4C 73.18 and 3C 351, are not intrinsically polarized at a detectable level; the polarization measured in the former is consistent with foreground interstellar polarization arizing in the Galaxy, the latter is unpolarized at a level . 0.5 per cent. Both of the remaining objects exhibit intrinsic broad-Ha and continuum polarization. We discuss the new and earlier results for the three sources (3C 332, 3C 390,3 and Arp 102B) we have so far observed that exhibit double-peaked Ha lines. In particular, we consider the implications for models in which the line-emission originates in a rotating disc, and present models for both toroidal and polar scattering of line-emission from a bi-polar flow.
O B S E RVAT I O N S
Spectropolarimetric observations of the redshifted Ha lines in a sample of BLRG were made with the 4.2-m William Herschel Telescope at the Observatorio de la Roque de los Muchachos on the nights of 1997 June 26, 27 and 28. The red arm of the ISIS dual beam spectrograph was used with the standard polarimetry elements (a half-wave plate located above the slit, a comb dekker and a calcite prism analyser) and a thinned, coated Tektronix CCD detector (1024 Â 1024 pixels). A 316 line mm 21 grating gave a wavelength range of 1500 A Ê with a dispersion of 1.5 A Ê pixel 21 for a slit width of 1 arcsec. The grating was centred at the redshifted wavelength of Ha . For calibration purposes, polarization standard stars chosen from the list of Turnshek et al. (1990) were observed on each night: HD 155197 and HD 161056 on June 26; HD 20487 on June 27 and HD 154445 on June 28. Observations of spectrophotometric standards were also obtained on each night.
A total of six BLRG were observed over the three nights. The observations of 4C 74.26 ) and 3C 445 (Giannuzzo et al. 1999, in preparation) are discussed elsewhere. In this paper we present results for the remaining four objects, 3C 332, 3C 390.3, 3C 351 and 4C 73.18 . The observations of these sources are listed in Table 1 . Each observation consists of a sequence of four 1000-s exposures at half-wave plate angles of 08, 228 X 5, 458 and 678 X 5. The data were reduced in the standard manner using the Starlink packages tsp (Bailey 1997) and figaro (Shortridge et al. 1998) . The relative intensities of the orthogonally polarized o and e rays are measured for each half-wave plate angle and combined to obtain the Stokes I l Q l and U l parameters in each wavelength bin. The polarization position angle was calibrated using the observations of the polarization standard stars. The spectra were flux calibrated using observations of spectrophotometric standard stars and finally the atmospheric absorption Table 1 . Summary log of the observations. The exposure times are the sum of equal exposures obtained at each of four half-wave plate angles. The radio source morphology (column 1) is indicated by CD for coredominated and LD for lobe-dominated sources. The references for the values of R are (1) Zirbel & Baum (1995) (2) Wills & Browne (1986) and (3) Jackson & Browne (1991 features (notably the oxygen B band) were corrected using a template made from smoothed spectra of the spectrophotometric standards. Several separate observations of 3C 332 and 3C 390.3 were obtained, spread over consecutive nights. The data for each source were tested for consistency by comparing the average polarization measured from regions blue-and redward of the Ha line for each observation. The data were also checked for changes in spectral shape, especially over the broad Ha profile, by dividing the I l spectra into one another. No significant differences were found Figure 1 . Polarization spectra of 3C 332 (0.5), 3C 390.3 (0.12), 3C 351 (0.4) and 4C 73.18 (0.4) obtained at the WHT in 1997 June. The four panels show, from the bottom, the total flux spectrum (F); the percentage polarization (P); the polarized flux spectrum (PÂF); and the polarization position angle (u ). The polarized flux, u and P are binned in wavelength such that the error per bin in P is constant at the values given in parentheses following the name of each object.
either in the average polarization or in the spectral shape between separate observations of the same source. The individual observations were therefore combined to form average I, Q and U spectra for each source from which the percentage polarization, P l , and polarization position angle u l were calculated. The polarized flux was then obtained from F l P l I l . The resulting polarization spectra are shown in Fig. 1 .
The averaged percentage polarization (P) and position angle (u ) for both the continuum and broad Ha line are listed for each source in Table 2 . The continuum polarization was measured from the spectra shown in Fig. 1 by averaging over regions considered to be uncontaminated by strong emission lines. In order to measure the intrinsic polarization of the broad Ha feature, the continuum polarization was subtracted as described in Paper I. Average values of P and u were then measured from the continuum-subtracted spectra, using the wavelength intervals listed in Table 2 .
The measurements may be contaminated by interstellar polarization owing to dichroic absorption by aligned dust grains along the line of sight through the Galaxy. As in Paper I, we have estimated the possible interstellar polarization in the direction of each source using the empirical relationship between interstellar extinction E(B-V) and percentage polarization established by Serkowski et al. (1975) , obtaining E(B-V) from the maps of Burstein & Heiles (1982) . The estimated extinction and corresponding`typical' [,3E(B-V)] and maximum [,9E(B-V) ] values of the induced polarization are listed for each source in Table 2 . Interstellar polarization varies only slowly with wavelength; from Serkowski's law we would expect to see little change in either the degree (,0.03 per cent) or the position angle of polarization across the broad Ha line in these objects.
Since weakly polarized starlight from the host galaxy will in general make up some fraction of the light entering the slit, we expect that the measured degree of polarization is likely to represent a lower limit to the intrinsic polarization of the AGN. The relatively small wavelength range covered by our data is insufficient to allow the stellar continuum fraction to be reliably determined by fitting template continua. Consequently, we have not attempted to correct our spectra for contamination by host galaxy starlight. However, EH94 have estimated starlight contributions in the Ha region for three of our sources by matching spectra of SO galaxies to features such as the NaD Table 2 . Measured polarization and other properties of the sample objects. Average values of percentage polarization, P, and position angle, u, are listed for the optical continuum (measured from line-free windows) and the broad Ha line (after subtracting the continuum in the Stokes parameters). The wavelength range used to calculate the average line polarization is given in column 2. The position angles of the radio sources (column 7) are taken from the references cited in Section 4.3. The last three columns list the estimated Galactic extinction in the direction of the object, and corresponding typical and maximum values of polarization induced by dichroic absorption (see text).
Source
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R E S U LT S
Of the four objects presented in this paper, we have securely detected intrinsically polarized Ha emission in two sources, 3C 332 and 3C 390.3, both of which exhibit double-peaked line profiles in total flux. Although we have also measured significant polarization in 4C 73.18, we are unable to exclude the possibility that this is mainly owing to dichroic absorption along the line of sight rather than intrinsic to the source. The observations of each source are briefly described below.
In 1995 June we obtained spectropolarimetric observations of 3C 390.3 and another well known BLRG with double-peaked Ha lines, Arp 102B. These observations are discussed in detail in Paper I, but for comparison with the data presented here we reproduce the spectra of these sources in Fig. 2 .
3C 332
This BLRG has an extremely broad Ha line (FWHM , 23 200 km s 21 ; EH94) with prominent peaks displaced by 27250^200 and 9800^200 km s 21 , respectively, from the narrow line component. A third, central broad peak is also present, although this is less prominent than the similar feature seen in Arp 102B (Fig. 2a) , perhaps in part because the A-band atmospheric absorption (although corrected in this spectrum) greatly reduces the signal-to-noise ratio immediately to the red of the narrow [N ii] lines. The profile is also asymmetric with the redshifted peak being appreciably broader than the blue, resulting in a net redshift to a median velocity ,1000 km s 21 . Our spectrum differs significantly from that obtained in 1991 by EH94: the broad Ha line as a whole is much stronger relative to the narrow lines, while the red and blue displaced peaks are comparable in peak flux density (whereas the blue peak was clearly stronger in 1991). EH94 estimated that in 1991 85 per cent of the optical continuum near Ha was as a result of starlight. However, it seems likely, given the increase in the relative strength of the broad Ha line, that the non-stellar continuum is stronger in our spectrum.
Our average polarization measurements are consistent with the broad-band optical polarization measured by Antonucci (1984) . However, our data show that the broad Ha line is significantly more polarized than the adjacent continuum. The degree of polarization increases from ,0.7 to ,2 per cent across the line profile, although there is no significant change in position angle. The average continuum-subtracted Ha polarization is P 3.2^0.2 per cent, with position angle 98^28 ( Table 2 ). The estimated line-of-sight extinction in the direction of 3C 332 is small [E(B-V) , 0.01], implying that interstellar polarization arizing in the Galaxy is insignificant compared with the measured line and continuum polarization (Table 2) . We conclude that the source is intrinsically polarized.
The displaced peaks of the Ha profile are clearly present in polarized flux at velocities of 28000^300 km 21 and 110 200^300 km s 21 relative to the narrow Ha line. These displacements, although difficult to measure accurately because of the lower signal-to-noise ratio in the polarized flux spectrum, are slightly greater than those measured in total flux. However, the FWZI and median velocity are similar in both polarized and total flux.
The radio source has a bright, unresolved core with twin lobes located to the north-east and south-west, respectively (Antonucci 1985) . The lobe hotspots and the core are aligned in PA 1708, making an angle of more than 708 with the optical polarization E vector.
3C 390.3
This object is another well known BLRG characterized by variable and double-peaked Balmer lines (Oke 1987; Pe Ârez et al. 1988; Zheng et al. 1991; EH4; Eracleous et al. 1997; Dietrich et al. 1998) . We have previously obtained spectropolarimetric observations of this source in 1995 June, and these are described in Paper I (see also Fig. 2b ). The spectrum presented here, obtained 2 years later, reveals significant changes in the broad Ha profile, the displaced peaks appearing much less prominent than in the earlier spectrum. The difference spectrum (Fig. 3) shows that while there has been an overall decrease in flux across the spectrum, the largest changes have occurred in the displaced peaks and broad central component of the Ha line. In particular, the red displaced peak has declined to the point where it is barely recognizable as a distinct feature. The continuum flux density has decreased by ,30 per cent, from ,2 mJy in 1995 to ,1.3 mJy in 1997 (measured within the wavelength range 6450± 6600 A Ê ). That this is a genuine change in the source is evinced by the fact that the flux in the [O i]l6300 line (the only strong narrow line in our spectra not blended with broad Ha ) has remained constant. Gaussian fits to this line in both spectra return fluxes equal at the 1s level. Furthermore, [O i] and indeed all the other narrow lines present in our spectra cancel out in the difference spectrum (Fig. 3) , showing directly that their fluxes have not varied significantly between the two observations.
There has been no significant change in the velocity shifts of the displaced peaks in the Ha profile. In the 1997 data, the blue peak of the Ha profile is displaced by 23400^200 km s 21 relative to the narrow lines while the red peak is centred around 
4270^100 km s

21
, consistent with the displacements measured from the 1995 spectrum (Paper I).
The percentage polarization displays significant structure across the broad Ha line. In particular, decreases in P are associated with the blue displaced peak and, possibly, the far red wing. Depolarization corresponding to the narrow Ha 1 [N ii] lines can also be seen. As a result, the average Ha polarization (P , 0.7 per cent) is lower than that of the adjacent continuum (P , 1.5 per cent). However, there is no significant change in the polarization PA, which remains approximately constant at 145±1508 across the spectrum. The continuum appears to have a significantly higher average degree of polarization than in the 1995 data (for which we measured P 1.1^0.1 per cent), even though the flux density was a factor ,2 higher in the earlier spectrum. This aside, the polarization properties observed in 1997 are broadly similar to those seen in the 1995 data. In particular, as was observed in 1995, the displaced peaks present in total flux are not seen in polarized flux. In polarized light the Ha profile has a broad central peak centred around the systemic velocity and is also slightly asymmetric with the blue wing being somewhat less extended than the red. The slight dip seen at about 6950 A Ê in the polarized flux profile is an artefact of the correction for the atmospheric absorption feature.
The estimated extinction towards 3C 390.3 is EB±V , 0X05 magY corresponding to a maximum interstellar polarization of 0.4 per cent at 7000 A Ê (Table 2 ). This raises the possibility that our measurements are significantly contaminated by polarization owing to foreground dichroic absorption in the Galaxy. Indeed, it has recently been argued (Kay et al. 1999 ) that the polarization observed in 3C 390.3 is entirely produced in this way. However, several features of our results are difficult, if not impossible, to explain in terms of interstellar polarization. Firstly, the optical polarization E vector is very closely aligned with the radio source axis (see below) which would require an unlikely coincidence between the local direction of the galactic magnetic field and the projected axis of the relativistic jet in 3C 390.3. Secondly, the weak wavelength dependence of interstellar polarization cannot explain localized features in the polarization spectrum, such as the depolarization corresponding to the displaced peaks in the broad Ha profile and the narrow lines. Finally the continuum, but not the Ha , polarization changed significantly between 1995 and 1997, presumably because there is a variable, intrinsically polarized, synchrotron contribution to the continuum. For these reasons we believe that the polarization measured in 3C 390.3 is largely intrinsic.
The radio source has a classical FRii double-lobed morphology, with the extended lobes and the relatively faint nucleus aligned in PA 1468. High dynamic range maps obtained by Leahy & Perley (1995) reveal a faint one-sided jet in PA 235^08 X 3, pointing towards the north-western lobe. The polarization PAs of the broad Ha emission and the continuum are consistent (u , 1508) in both the 1995 and 1997 data and closely match that of the radio source axis.
3C 351
This object also exhibits a very broad Ha line, with a FWZI of 21 000^1000 km s 21 . The line profile is characterized by a prominent shoulder, displaced by 22550^100 km s 21 from the narrow Ha line. A second, broader shoulder is present to the red of the narrow Ha 1 [N ii] lines, giving the profile a flat-topped appearance. The profile shape in our data is similar to that seen in the 1991 spectrum published by EH94.
The polarization spectrum appears to be dominated by noise and the measured average continuum polarization is not significantly different from zero. The average Ha polarization obtained from continuum subtracted data is, at face value, marginally significant (P 0.5^0.2 per cent) but it is probable that this is a residual reflecting the errors in our continuum fit, which combine in quadrature. We do not therefore detect significant polarization in our data and we conclude that this source is weakly polarized at levels , 0.5 per cent.
Radio maps show that 3C 351 is a double-lobed radio source (Leahy & Perley 1991 ). An arcsecond-scale jet points towards the brighter north-eastern lobe with a PA , 558 (Bridle et al. 1994) and the milliarcsecond-scale core is elongated in the same direction (PA , 608; Hough et al. 1999 ).
4C 73.18
This object is a radio-loud quasar at a redshift of z 0.302 with a core-dominated radio source (Jackson & Browne 1991) . Its broad Ha line is relatively narrow (FWHM,3100 km s 21 ) and is asymmetric, the blue wing being more extended than the red. The polarization is roughly constant over the spectrum at a level P , 1 per cent and position angle u , 1508. No significant structure is observed across the Ha line. The estimated extinction [E(B±V) 0.12 mag] is relatively large for 4C 73.18, which is close to the Galactic plane. The corresponding interstellar polarization could be as high as ,0.9 per cent (Table 2) , comparable with the measured value. In the absence of any clear wavelength variations in either P or u across the spectrum, we cannot exclude the possibility that the measured polarization is largely due to dichroic absorption along the line-of-sight through the Galaxy rather than intrinsic to the source.
The radio source is compact but VLBI observations reveal an elongated jet-like structure extending from the core in PA 1658 (Eckart et al. 1985) .
D I S C U S S I O N
Intrinsically polarized broad Ha emission is detected in two sources, 3C 332 and 3C 390.3. We did not detect significant polarization in 3C 351 and while 4C 73.18 is polarized at a level ,1 per cent, it is possible that this is entirely foreground interstellar polarization arizing in the Galaxy.
Two mechanisms could plausibly contribute to the polarization of the broad Ha emission in 3C 332 and 3C 390.3: scattering either by dust or free electrons, and dichroic absorption by aligned dust grains distributed along the line of sight to the broad-line region. However, we believe it unlikely that the latter mechanism is important since dichroic absorption in foreground dust would affect the broad-line and non-stellar continuum emission equally, and therefore could not easily account for the variations in polarization which are observed across the broad Ha lines. In the following therefore we assume that the principal polarization mechanism for Ha emission is scattering. The limited spectral range of our data prevents us from distinguishing between dust (Rayleigh or Mie) and electron (Thomson) scattering but in the models presented below, it is nevertheless assumed that electron scattering is the dominant polarization mechanism. If the dominant mechanism is dust scattering the efficiency of the scattering process would be reduced but the essential features of our model calculations would be unchanged for Rayleigh scattering.
The two objects in which we detect intrinsically polarized broad Ha emission are both BLRG with clearly double-peaked Ha profiles. In Paper I, we presented observations of Arp 102B, which also has a polarized, double-peaked Ha line (see also Antonucci et al. 1996) . These three objects are arguably the archetypal representatives of the group of BLRG which are characterized by double-peaked Balmer lines, and are certainly the best known and most extensively studied. However, although they display similar line profiles in total flux, 3C 332 differs significantly from the other two in its polarization properties. In both Arp 102B and 3C 390.3 the broad Ha profile has a different shape in polarized flux, the displaced red and blue peaks being largely suppressed so that in polarized light the profile is centrally peaked. The Ha polarization E vectors are also closely aligned (to within 108) with the radio axis. In contrast, the Ha profile of 3C 332 is doublepeaked in both polarized and total flux, while the E vector is misaligned by 708 with the axis of the radio jet. If the doublepeaked Ha line profiles in these objects have the same origin then understanding the differences in the polarization properties may provide clues as to the structure and dynamics of their BLRs.
Of the models that have been advanced to explain the doublepeaked Balmer lines in BLRG, the one that has been developed in most detail and most widely applied involves line emission from a relativistically rotating disc. We will first briefly discuss our results in the context of this model, before considering an alternative picture in which the broad-line emission arises from a bi-polar outflow.
The key observational characteristics which the models must explain are:
(i) the shape of the broad Ha profile in polarized flux; (ii) the orientation of the E vector of the polarized light relative to the projected axis of the radio jet.
In particular, there is a correspondence between the polarized line profile shape and the scattering geometry indicated by the orientation of the E vector with respect to the radio source. The polarized line profile is centrally peaked in Arp 102B and 3C 390.3 where the E vector is parallel to the radio axis (implying scattering in a plane perpendicular to the axis), but double-peaked in 3C 332, where the E vector is roughly perpendicular to the radio axis (implying scattering in a plane closely aligned with the axis).
In the following discussion we assume that the structure of the active nucleus is that postulated by current unification schemes for radio-loud AGN (e.g. Barthel 1989; Antonucci 1993; Urry & Padovani 1995) . That is, the BLR and central continuum source are deemed to be surrounded by a dusty molecular torus that is coaxial with the radio jet. We will also assume that the axis of the BLR is aligned with the torus/jet axis.
Scattering of line emission from a rotating disc
The relativistic accretion disc model for the BLR was initially developed by and CH89 to explain, in particular, the asymmetric double peaked Ha profile of Arp 102B. It has since been applied to several other objects which exhibit similar double-peaked Balmer lines, including both 3C 390.3 (EH94) and 3C 332 (Halpern 1990 ). In this model, the broad-line emitting gas is considered to be confined to the outer part of a geometrically thin but optically thick accretion disc, where it follows Keplerian orbits at relativistic speeds. This region is illuminated by ionizing radiation from hot, ionized gas forming a thick torus in the inner disc. When the disc is seen pole-on the line profile is centrally peaked whereas at larger inclinations the profile is double-peaked, the separation of the peaks increasing with inclination. Doppler beaming of line emission from gas moving towards the observer along its orbit provides a natural explanation for the fact that the blue peaks are stronger than the red ones in some objects (e.g. Arp 102B; CH89). In Paper I, we considered whether the polarization properties of the Ha lines of Arp 102B and 3C 390.3 could be explained by scattering of emission from such a disc. Below we outline the main predictions for various plausible scattering geometries and compare them with the measured Ha polarization in Arp 102B, 3C 390.3 and 3C 332.
Near-field scattering
We first consider the case in which the scattering medium is closely associated with the line-emitting disc.
(i) Scattering in an atmosphere immediately above the disc. Chen & Halpern (1990) have calculated the emission-line polarization produced by a planar electron scattering atmosphere above the relativistically rotating disc. Their calculations predict that while both the degree and position angle of polarization vary somewhat across the line, its profile remains double-peaked in polarized flux and the E vector is approximately perpendicular to the disc axis. These characteristics are the opposite of what is observed in Arp 102B and 3C 390.3 where in polarized light, the Ha line has a centrally peaked profile and an E vector parallel to the disc axis. On the other hand, the Ha polarization of 3C 332 is at first sight broadly consistent with the predictions of this model in so far as the Ha line is double-peaked in polarized flux and has an E vector orientated nearly perpendicular to the radio source axis (the difference in PA being ,708). However, the observed degree of Ha polarization (P , 3.2 per cent) is significantly higher than that (P , 1 per cent) predicted by Chen & Halpern for the disc inclination (i 368) used in EH94
H s fit to the total flux line profile. The fact that the continuum is polarized with the same PA as the Ha emission may also present difficulties since it suggests that the line and continuum photons experience similar scattering geometries, whereas in the relativistic disc model as outlined by CH89 (see also EH94) the line and continuum radiation come from different regions of the disc, having different geometries.
(ii) Scattering within the disc. Chen et al. (1997) favour a model in which the line-emitting gas is embedded in an optically thin electron scattering disc. In this case, the E vector of the polarized light is parallel to the disc axis, as required for Arp 102B and 3C 390.3. This model also produces a degree of polarization comparable to that observed. However, the scattered Ha line still has a double-peaked profile and hence does not match the observed shapes of the Ha line in polarized light in these objects. The predicted profile shape is, of course, observed in 3C 332 but in this case the polarization PA disagrees with the model prediction.
Far-field scattering
The fact that the continuum polarization PA is similar to that of the broad Ha line in all three sources suggests that the scattering geometry is similar for both the BLR and the continuum source. This would be the case if the scatterers are located some distance away from the core of the AGN, so that both regions are effectively viewed as point sources from the scattering region. Unification schemes suggest two plausible locations for the scattering medium.
(i) Polar scattering. Here the scatterers are located above the torus, near its axis. Assuming that the line-emitting disc is coaxial with the torus, scattered light will be polarized with an E vector perpendicular to the disc axis. The polarized Ha profile will be will be centrally peaked since the scatterers`view' the disc from a position near its axis. Models based on this picture were shown in Paper I to match the polarized Ha profiles of 3C 390.3 and Arp 102B reasonably well. However, if we accept that the radio jet, torus and line-emitting disc are all roughly coaxial, we would expect the E vector of the scattered light to be perpendicular to the projected radio source axis, whereas the observed polarization PAs indicate that it is closely aligned with the radio axis in both objects. The orientation of the E vector relative to the radio axis is correct for 3C 332, but a centrally peaked line profile does not match the observations in this case.
(ii) Toroidal scattering. Alternatively, light from the core of the AGN may be scattered from the inner wall of the torus itself. This type of scattering geometry is examined in more detail below in the context of a bi-polar BLR (Section 4.2). For certain combinations of torus thickness and inclination, the scattered light will have a net polarization with an E vector parallel to the torus axis, and hence also parallel to the radio jet. This is consistent with the observed polarization PAs in Arp 102B and 3C 390.3, though not with that of 3C 332. However, if the BLR is a rotating disc, scatterers in the inner wall of the torus will view it close to edgeon and hence the Ha profile would appear double-peaked in polarized flux, contrary to what is observed in Arp 102B and 3C 390.3.
Summary of disc-like BLR polarization properties
The observed polarization properties of Arp 102B, 3C 390.3 and, to a lesser extent, 3C 332 pose serious difficulties for models in which the scattered Ha emission originates in a rotating disc. In Arp 102B and 3C 390.3, the Ha profile is centrally peaked and the E vector is closely aligned with the radio source axis. None of the scattering geometries considered can reproduce these characteristics if the line emission originates from a disc. If the scatterers are situated within or immediately above the disc, the polarized line emission has a double-peaked profile. Scattering from the inner wall of the torus similarly produces a double-peaked line profile in polarized light. On the other hand, the polarized line profile will be centrally peaked if the scatterers are located above the poles of the disc, but the E vector will then be perpendicular to the radio jet.
It is certainly possible to construct more complex scattering geometries. Nevertheless, the close alignment, in these sources, between the Ha polarization and the radio source axis strongly implies that the scattering predominantly occurs in or close to the plane of the disc. It seems difficult to avoid producing a doublepeaked line profile in such a configuration.
In the case of 3C 332, the Ha line is double-peaked in polarized light, and the E vector is roughly perpendicular to the radio source axis. These characteristics are broadly consistent with scattering in an atmosphere above the disc. However, for the disc inclination required to produce a reasonable fit to the total flux profile, the degree of polarization predicted for this geometry is much lower than that observed. It is also unclear why, in this model, the line and continuum photons should experience similar scattering geometries as implied by the similar polarization PAs, since they are emitted at different locations in the disc. This could be explained if the scatterers are located at a sufficiently large distance from the BLR, but the large misalignment between the E vector of the polarized light and the radio axis suggests that the scattering occurs near the disc axis and the polarized Ha line should then be centrally peaked.
The difficulties in accounting for our polarization results in terms of scattering of line emission from a rotating disc leads us to consider an alternative model for the source. In Paper I, we proposed that toroidal scattering of emission from a bi-polar outflow could produce the polarization properties necessary to explain our results for Arp 102B and 3C 390.3. In the following section we discuss this idea in relation to the new data on 3C 332 and present simple models which are used to calculate the polarization which would result from both polar and toroidal scattering.
Scattering of line emission from a bi-polar outflow
A model in which the broad-line emitting gas flows along opposing, coaxial conical`jets' has been discussed as an alternative explanation for the double-peaked Balmer line profiles of 3C 390.3 ). An analogous situation is that of an isotropic radial outflow illuminated by beamed ionizing continuum radiation, as has been proposed for the Seyfert 1 galaxy NGC 3516 (Koratkar et al. 1996) . In both models, blueand red-shifted peaks are produced in the line profile by, respectively, the fore-and counter-cones, the cones being defined by either confinement of the gas flow or by anisotropic illumination. The velocity separation of the displaced peaks is determined primarily by the inclination of the flow or beam axis: it is maximized when the cones are aligned with the line-of-sight, while the two peaks merge when the axis is perpendicular to the line-of-sight (Robinson 1995) . Scatterers situated in or near the plane perpendicular to the axis will`see' and reflect a centrally peaked line profile, while the E vector of the polarized light will be aligned with the axis. Given that the bi-cone axis is aligned with that of the radio jet, this configuration has the basic properties required to explain the polarization of Arp 102B and 3C 390.3. However, the fact that the E vector of the polarized light is roughly perpendicular to the radio source in 3C 332 suggests that in this object, the scattering occurs in a polar region close to the radio jet axis. Scatterers located in this region would view the line-emitting bi-cone pole-on and the polarized line profile would be double-peaked as is indeed observed in 3C 332.
In order to investigate the polarization produced by these two scattering geometries in more detail, we have constructed a simple model in which line emission from a bi-polar outflow is scattered either at the inner wall of a surrounding torus, or in a conical scattering region above the torus and coaxial with the bi-polar flow. In the absence of any well developed physical model, we adopt a simple ad hoc prescription for a bi-polar BLR in which two separate clumps of Ha -emitting clouds, each characterized by a Gaussian velocity dispersion, travel at the same speed, v (expressed as a fraction of c), in opposite directions along an axis inclined at an angle i to the line of sight. The flux density is given where A and B are the peak intensities of the line emission from the approaching and receding components, respectively (for simplicity, we take A B for the models presented here), C is the continuum flux, taken to be independent of wavelength, and a and b are the respective velocity Doppler shifts of the components relative to the observer, i.e. a 1 2 v cos i and b 1 1 v cos i. The distance of the two clumps from the origin gives the effective radius of the BLR (r BLR ) and the integrated flux is conserved for fixed values of v and s. We will assume that the outflow axis is aligned with the torus/radio jet axis. The variation of the profile shape with inclination is shown in Fig. 4 . Unlike the disc-like BLR the separation between the two peaks decreases with inclination and the line profile becomes single peaked when the system is viewed at large inclinations to the axis of the outflow. The inclination at which the two peaks merge depends on the outflow velocity, v, and the velocity dispersion, s. In the calculations presented below the intrinsic line profile is given by equation (1), with v 0.02c and s 35 A Ê (1600 km s
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). With these parameters, the line profile becomes single-peaked for i $ 708. While not intended to be a`fit', the model parameters were chosen so that the separation and widths of the displaced peaks are comparable with the Ha profile of 3C 332.
In the proposed scattering models, the BLR is assumed to be point-like with respect to the scattering media, such that the polarized line profile depends only on the angle of inclination. In practice, this requires that the inner scattering radius is $ 100 times that of the BLR. This is likely to be a reasonable approximation for the scattering regions we consider below, namely the inner wall of a dusty circumnuclear torus and a scattering cone coaxial with, but outside, the torus. Time-series analysis of data from a recent spectrophotometric monitoring campaign on 3C 390.3 (the only BLRG to have been the subject of such a campaign) indicate that the size of the Balmer line-emitting region is ,20 light-days (Dietrich et al. 1998 ). There is no such experimental determination of the inner radius of the torus. Theoretically, however, it is expected that this will be set by the dust sublimation temperature, which for a relatively luminous source such as 3C 390.3 will be reached at a radius ,0.5 pc. The polar scattering region is located above the torus and if the torus opening angle is ,458, as required in unification schemes (e.g. Lawrence 1991), its radius must also be $ 0.5 pc. Hence, in this object the BLR radius is a factor of a least 30 smaller than the inner radius of the scattering regions. Although, 3C 332 is several times more luminous than 3C 390.3, it is reasonable to expect that the BLR radius and the torus inner radius should both scale as L 1/2 . If, conversely, the BLR is significantly extended compared to the scattering region, say only a factor of 10 smaller in radius, then different regions of the BLR (in this case, the approaching and receding clumps) would subtend different angles at the scattering region. Rays from the two clumps (or more generally, different volume elements) would have different scattering efficiencies and would have to be treated separately in calculating the net polarization. The position angle of the polarized emission would, however, be unchanged.
Scattering in a toroidal atmosphere
We first consider the case in which line emission from the bi-polar outflow is scattered in an optically thin atmosphere associated with the inner wall of a dusty torus. Scattering particles located close to a plane passing through the origin and perpendicular to the BLR axis will`see' a single-peaked line profile (cf. i 908 case in Fig. 4 ) providing that they are sufficiently far away that the BLR is effectively a point source. Therefore, toroidal scattering will produce a single-peaked line profile in polarized flux, even when the inclination of the system relative to the line-of-sight is such that a double-peak is seen in total flux (Fig. 5) .
We model the torus as a thick, dusty cylinder with an optically thin electron scattering atmosphere covering its inner surface. The scattering atmosphere is assumed to be stationary. The torus geometry is specified by an inner radius r T (@r BLR ), opening angle, u T , and the inclination of the axis to the line of sight, i. The opacity of the torus is defined in terms of the visual extinction, A V , in the equatorial plane and the dust grain density, N D , which scales exponentially with vertical distance from the plane such that N D at the top and bottom surfaces of the torus is 10 23 that at the equator. Note however, that N D is taken to be independent of the cylindrical radius. The column density, N e , of the scattering electrons must also be specified, although this affects only the degree of polarization and not its wavelength dependence. For the following calculations we have adopted a fixed value of r T 1 pc and to obtain polarizations of ,1 per cent with this inner radius, we require N e 1 Â 10 13 m
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. In this scattering geometry the Stokes parameter U cancels out on integration around the torus and the polarized flux is therefore given by |Q|. The co-ordinate system is defined such that positive and negative values of Q correspond, respectively, to polarization parallel and perpendicular to the torus axis.
For simplicity, neither the thermal motions of the electrons nor multiple scattering are considered. These effects would, in combination, reduce the net polarization and introduce some velocity`smearing' but should not significantly change the overall shape of the polarized line profile or the average polarization position angle. Similarly, we have not included dichroic absorption by aligned dust grains within the torus which would either increase or decrease the net polarization depending on whether the grains are aligned parallel or perpendicular to the axis. Nevertheless, the shape of the polarized line profile should not be affected, since the polarization produced by dichroic absorption should not vary significantly over the small wavelength range of interest. As already noted, we believe in any case that scattering rather than dichroism plays the greater role in producing the polarization observed in the three objects with double-peaked Ha profiles.
Polarization spectra were calculated for a range of opening angles and axial inclinations (Figs 6 and 7) . The direction of the net polarization is governed, for a given torus geometry (i.e. its height, set by u T and r T , and inclination, i) by the optical depth through the torus. If the scattered light reaching the observer is dominated by backscattering from the far side of the torus inner surface (i.e. along the x-axis from the region around f 1808 in Fig. 5 ) the net polarization will be perpendicular to the torus axis. In order for the polarization angle to be parallel to the axis, the optical depth along paths through the upper edge of the torus must be low enough to allow light scattered from the inner surface approximately parallel to the line-of-sight (i.e. from regions near f 908 and 2708 in Fig. 5 ) to dominate. There is therefore a critical optical depth at which the sign of Q reverses. In our model this occurs for a visual extinction gradient in the equatorial plane of ,100 mag pc
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, the precise value depending on the height and inclination of the torus. For the calculations presented here we have adopted an A V gradient of 30 mag pc 21 since, for torus opening angles . 308, this is the highest extinction for which the polarization position angle is always parallel to the jet axis, regardless of the angle of inclination.
The polarized line profile is shown in Fig. 6 for a fixed inclination (i 408) and several values of the torus opening angle, u T . Since we have fixed r T , the height of the torus is determined entirely by u T . For u T , 308 the polarization is perpendicular to the torus axis as scattered light polarized parallel to the axis has to traverse a long path through the torus and is heavily attenuated (Fig. 5) . As the opening angle is increased, Q reverses sign and for u T $308 the polarization is parallel to the axis of the torus. The polarized flux at first increases with u T , owing to the increasing scattering angles (at which polarization is more efficient) but this is balanced by the decrease in the scattering area presented by the torus (a smaller fraction of the light emitted by the source is scattered) with the result that a maximum is reached at u T , 508. For u T $308 the line profile is single-peaked in polarized flux even though it is clearly double-peaked in total flux at this inclination (cf. Fig. 4) .
If the angle subtended by the scattering region at the BLR is . 458 (corresponding u T , 458) the flux scattered from the top and bottom edges of the torus is polarized orthogonally to that scattered from the equatorial plane. The resulting cancellation imposes an upper limit on the width of the scattered line profile. Note, however, that for small values of u T , light scattered from the equatorial plane is absorbed by the near side of the torus, preventing cancellation with orthogonally polarized light. Similarly, the blocking of scattered light from close to the equatorial plane results in a double-peaked profile for u T , 308 since the scattering regions near the upper edge of the torus subtend a relatively small angle to the axis of the bi-polar flow.
The line profile in total flux, polarized flux and percentage polarization is shown in Fig. 7 for a torus of opening angle u T 458 inclined at increasing angles, i, to the line of sight. The polarized line profile is always centrally peaked, as expected, and both P and the polarized flux increase with i reaching a maximum at i,508. If the observer were able to spatially resolve the scattering region, the maximum polarization would be obtained at i 08 since the scattering angle would then be 908. However, we can only measure the integrated polarization and when the torus is observed close to its axis, the circular symmetry of the scattering region results in complete cancellation of orthogonally polarized light scattered from different quadrants of the torus. The decline in polarized flux for i . 508 is owing to increasing absorption as more of the scattering region becomes obscured by the near side of the torus. For inclinations i . u T the BLR itself is obscured so the direct, unscattered light passes through part of the torus and also suffers extinction. As a result, both the polarized and unpolarized fluxes are attenuated and P (Fig. 7b ) decreases less rapidly with i than the polarized flux.
In general, the model calculations confirm that for reasonable parameters, scattering of line-emission from a bi-polar flow by the inner walls of a surrounding torus produces the basic features of the Ha polarization observed in Arp 102B and 3C 390.3. For equatorial extinction gradients , 100 mag pc 21 and torus opening angles . 358 the polarized line profile is centrally peaked and the E vector is parallel to the axis of the torus for all angles of inclination. We note that a torus opening angle ,458 is required in unification schemes to account for relative numbers of broad-and narrow-line objects among the 3CR radio sources (Barthel 1989; Lawrence 1991 ).
Polar scattering
In this case we suppose that light emitted by a bi-polar outflow is scattered by electrons distributed around the flow axis. The scatterers`view' the BLR from a pole-on position from which the line profile appears double-peaked (cf. Fig. 4) . Since the scattering plane is parallel to the outflow axis, the scattered light will be polarized perpendicular to this axis and therefore also that of the radio source.
The scattering geometry is the same as that for the polar scattering model discussed in Paper I in the context of a relativistic disc BLR. The scattering region is a segment of a cone coaxial with the BLR and bounded by a 1/2-opening angle, u c , and inner radius r c @ r BLR . The scatterers are distributed isotropically with a number density n e Gr
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. The model allows for bulk outflow of the scatterers but for the calculations presented here we set the outflow velocity to zero. Thermal motions are ignored. Polarizations ,3 per cent, comparable with that observed in 3C 332 are obtained at inclinations i 3082508 for a total electron column density 1 Â 10 12 m 22 if r c 1 pc. Maximum polarization is obtained with the outflow axis in the plane of the sky (i 908), since the average scattering angle within the cone is then maximized.
The line profile in total and polarized flux was calculated for opening and inclination angles u c i 508 (Fig. 8) using a modified version of the scattering code developed by Young . As observed in 3C 332, the polarized line profile is double-peaked. The scatterers view the BLR from a range of angles depending on their location within the cone, and the separation in velocity between the red-and blueshifted peaks of the intrinsic line profile will be greatest for those closest to the axis (cf. Figure 4) . Therefore when the system is inclined at large angles to the line-of-sight (. 308) it is possible for the separation of the two peaks to be greater in polarized than in total flux, as for the i 508 model shown in Fig. 8 . There is some evidence for such an effect in 3C 332: as noted in Section Figure 8 . Line profiles in total (solid line) and polarized (dotted line; Â 50) flux for polar scattering of line emission from a bi-polar outflow. In the model shown the common axis of the BLR and the scattering cone is inclined at i 508 to the line of sight. The scattering cone has an opening angle u c 508 and the scatterers are stationary (radial velocity v e 0).
3.1, the velocity shifts of the red and blue peaks are slightly larger in polarized than in total flux.
Summary of polarization properties for a bi-polar BLR
The models presented in this section demonstrate that the basic characteristics of the observed Ha polarization can be understood if the BLR (or that part of it responsible for the bulk of the Ha emission) is a bi-polar outflow and the emitted light is scattered by free electrons located either in an atmosphere at the inner wall of a dusty circum-nuclear torus or in clouds above the poles of the torus. The Ha polarization properties of 3C 390.3 and Arp 102B are consistent with toroidal scattering while those of 3C 332 are consistent with polar scattering. The fact that the Ha and continuum emission are polarized at very similar angles in 3C 390.3 and 3C 332 can also be understood in this picture since both the BLR and continuum source are point-like as seen from the scattering regions and the emitted photons therefore experience the same scattering geometry. In Arp 102B the broad Ha emission and the continuum are polarized at slightly different angles (Du , 308) which suggests that there may be an additional contribution (perhaps synchrotron radiation) to the continuum polarization in this object.
However, it is a basic conjecture of unification schemes that circum-nuclear tori are present in all powerful radio galaxies. It follows that toroidal scattering regions should be present in all three sources, raising the question of why polar scattering appears to be dominant in 3C 332 rather than toroidal scattering as in 3C 390.3 and Arp 102B. A trivial but rather unsatisfactory explanation is that the polar scattering region is only present in 3C 332. A more interesting possibility is that it is an orientation effect. As noted in Section 4.2.1 the degree of polarization produced by toroidal scattering reaches a maximum at intermediate inclinations around 508. At lower inclinations (more poleon) the polarization is suppressed by cancellation whereas at higher inclinations (more edge-on) it is suppressed by obscuration within the torus. On the other hand, for polar scattering the degree of polarization increases monotonically with inclination. Therefore even if both toroidal and polar scattering regions are present, we would expect polar scattering to dominate when the source is viewed at large angles of inclination, but toroidal scattering to dominate at intermediate inclinations. The observed polarization properties of the source should therefore undergo a qualitative change as the inclination of the torus/radio jet axis to the line-ofsight increases. Sources viewed close to this axis would be weakly polarized since neither toroidal (due to cancellation) or polar (small scattering angles) scattering is effective at inducing polarization at low inclinations. At intermediate angles, the source would be polarized parallel to the radio jet (and would exhibit a centrally peaked polarized line profile if the BLR is a bi-polar flow). Finally, at large inclinations the source would be polarized perpendicular to the radio axis (and would exhibit a doublepeaked line profile in polarized flux). Note that if the axial inclination exceeds the torus opening angle the BLR will itself be obscured by the torus and the un-scattered line emission would suffer heavy extinction, perhaps to the extent that its broad lines are more prominent in polarized (scattered) light than in direct light, as in 3C 234 .
On the basis of this scheme therefore we would infer that 3C 332 is viewed at a larger angle to its axis than either 3C 390.3 or Arp 102B. The orientation of the radio sources with respect to the line-of-sight cannot be determined directly but the radio source compactness parameter, R (Table 1) suggests that 3C 332 is indeed viewed at a larger angle than 3C 390.3. In this regard, we note that the mas-scale radio jet in 3C 390.3 is known to exhibit superluminal motions (Alef et al. 1996) , suggesting that the jet axis has a relatively small inclination to the line of sight. It is also worth pointing out that 3C 332 has an exceptionally large Balmer decrement (Grandi & Osterbrock 1978) which is perhaps consistent with a line of sight passing through the upper layers of the torus. The radio source in Arp 102B is compact but relatively weak compared to those in powerful radio galaxies. It is unclear if the compactness of the radio source is a consequence of jet orientation (being viewed close to its axis), or the weakness of the central source (being insufficiently powerful to produce large extended lobes).
Scattering geometries and unification
The picture outlined above, in which both toroidal and polar scattering occur in the same object with their relative importance in producing the observed polarization being a function of the inclination of the radio jet axis to the line of sight, is of interest not just for the handful of objects exhibiting double-peaked Balmer lines, but also in the wider context of unification schemes for radio-loud AGN. In particular, we would expect that the observed polarization properties will be broadly correlated with the radio source morphology as measured by the compactness parameter, R. Thus, objects in which the jet axis is closely aligned with the line of sight will have core-dominated radio sources characterized by high R and broad emission lines which are weakly polarized or unpolarized (however, such objects may exhibit high continuum polarization owing to beamed synchrotron radiation). As the jet axis is tilted away from the observer, R decreases and toroidal scattering becomes important producing polarization parallel to the radio source. At still larger inclinations, i.e. objects with giant lobe-dominated (low R) radio sources, polar scattering is Figure 9 . Sketch illustrating the variation in the relative importance of polarization owing to polar (P p ) and toroidal (P t ) scattering with viewing angle. Given that the radio jet is co-axial with the dusty molecular torus, the observed net polarization of the broad emission lines will be related to the compactness of the radio source. The line emission would be weakly polarized in core-dominated quasars (CDQ), polarized parallel to the radio axis in most lobe-dominated quasars (LDQ) and BLRG but polarized perpendicular to the axis in some objects viewed near grazing incidence to the torus. In NLRG, the torus blocks the direct line of sight and broad lines are seen only in scattered light polarized perpendicular to the radio jet. dominant, inducing polarization perpendicular to the radio source axis. Finally, when the jet inclination significantly exceeds the torus opening angle (,458) the BLR is itself hidden from direct view and the source is observed as a narrow-line radio galaxy in which broad emission lines may only be detected in polarized light as a result of polar scattering. The expected relationship between emission line polarization and viewing angle is sketched in Fig. 9 .
We have so far obtained good quality spectropolarimetry data for 11 radio-loud AGN (this paper; Paper I and Robinson et al. 1999) and within this small sample our results seem to be broadly consistent with the predicted relationship between the optical polarization and the radio source morphology. PKS1302±102 and 4C73.18 have the most compact radio sources and in neither case were we able to detect intrinsic polarization (although it should be noted that in the latter the measured polarization P , 1 per cent, attributed to interstellar dichroic absorption, could include a significant intrinsic component). We disregard two other objects with compact radio sources, Arp 102B and Mrk 668 (which has a gigahertz-peaked spectrum ; Charlot 1990 ) since in these cases the compactness is probably real, rather than a result of foreshortening. Two objects whose radio sources are characterized by intermediate values of R (log R,-1), 3C 390.3 and 3C 445, are intrinsically polarized. In these objects, both the broad Ha line and the continuum are polarized with E vectors at least roughly aligned with the radio axis (the differences in PA being , 58 and ,308, respectively), consistent with the main contribution to the polarization coming from toroidal scattering. In contrast, in 3C 227 and 3C 332, two objects with much smaller values of R (log R , 22), the broad Ha line and continuum are polarized with E vectors roughly perpendicular to the radio source (with PA differences ,708 in 3C 332 and ,508 and 708 for, respectively, the continuum and Ha in 3C 227), indicating that polar scattering dominates. The quasar 4C 74.26 has a relatively high R (log R 20.34) but its radio source is one of the largest known among quasars and it is possible that it is inclined at a relatively large angle to the line of sight (from the absence of a counter-jet in their VLBI image Pearson et al. 1992 estimate that i # 498). While the optical continuum is polarized parallel to the radio jet and may be dominated by synchrotron radiation, the Ha polarization in this object is probably due to scattering by an inhomogeneous polar outflow .
The remaining two objects do not fit comfortably into this scheme. The radio source in 3C 382 is characterized by log R , 1, like 3C 390.3, but although the optical continuum is polarized parallel to the radio axis, as expected for toroidal scattering, the broad Ha line itself is unpolarized (Paper I). On the other hand, 3C 351 is comparable with 3C 332 in terms of its radio source compactness (logR , 22) but neither the Ha line nor the continuum is significantly polarized. These objects suggest, unsurprisingly, that parameters other than the inclination are important in determining the observed polarization.
C O N C L U S I O N
Spectropolarimetric observations of four radio-loud broad-line AGN have revealed intrinsically polarized broad Ha emission in one object, 3C 332, at a level of P , 3 per cent, and confirmed its presence in another, 3C 390.3, at a level of P , 1 per cent. Of the remaining two sources, we did not detect significant polarization in 3C 351, while the polarization measured in 4C 73.18 is probably foreground contamination from the Galactic interstellar medium. Comparison of the new data on 3C 390.3 with observations obtained 2 years earlier (Paper I) shows significant spectral variations: the continuum and broad Ha line have decreased in flux, the continuum polarization has increased, and the relative strengths of various components in the Ha profile have changed in such a way that the displaced red and blue peaks are less prominent than in the earlier spectrum. The largest variations in the Ha line appear to have occurred in localized regions of velocity space associated with distinct features in the line profile, namely the red-and blue peaks and a central component. This is consistent with the variability pattern revealed by the root mean square spectrum from the 1994±1995 monitoring campaign on 3C 390.3 (Dietrich et al. 1998) . Similar behaviour has been observed in the Seyfert Type 1 galaxy NGC 5548 (e.g. Peterson et al. 1994) in which the high-to-low state difference spectrum reveals a double-peaked Hb line profile. Rokaki et al. (1993) have modelled this with a combination of a disc-like BLR and an additional separate emission line region. However, this model is not unique and we would argue that its applicability to 3C 390.3 is doubtful, given the polarization properties we report on here and in Paper I.
The two objects in which we detected intrinsic polarization are both members of the small group of broad-line radio galaxies which exhibit double-peaked broad Ha lines. However, the polarization properties of these two objects differ significantly. In 3C 390.3, the Ha line is centrally peaked in polarized flux and both the continuum and Ha emission are polarized parallel to the axis of the radio source. In contrast, in 3C 332 the broad Ha line is clearly double-peaked in polarized flux while the continuum and Ha emission are polarized at a large angle (,708) to the radio source axis. A third BLRG with a double-peaked Ha line, Arp 102B, has polarization properties similar to those of 3C 390.3 (Paper I).
In the leading model advanced to account for the double-peaked Ha lines in BLRG, the line emission arises in a relativistically rotating disc. However, as was discussed in detail in Paper I, the Ha polarization of both 3C 390.3 and Arp 102B is not easily understood in terms of scattering of light from a rotating disc. The basic problem is that, making the reasonable assumption that the radio jet and line-emitting disc are coaxial, the close alignment of the E vector of the polarized Ha emission with the radio source implies that the scattering material is located in or near the plane of the disc. With such a configuration it seems difficult to avoid producing a double-peaked polarized line profile, contrary to what is observed.
Scattering in a planar free electron atmosphere immediately above the disc produces a polarization signature which is qualitatively consistent with the observed Ha polarization of 3C 332. However, for the disc inclination required to match the total flux profile, the degree of polarization predicted by this model is much lower than is observed. Furthermore, the fact that the Ha and continuum emission are polarized at the same PA suggests that photons from the two sources encounter the same scattering geometry. This can be understand in terms of a distant scattering region but then in order to obtain polarization perpendicular to the radio axis, as observed, the scatters would have to be located near this axis. They would then`see' the disc pole-on and would produce a centrally peaked polarized line profile, contrary to what is observed in 3C 332.
As an alternative to disc models, it has been suggested that double-peaked Ha lines in BLRG are produced by a bi-polar outflow. Distant (far-field) scattering of line emission from such a structure offers a better explanation of the Ha polarization properties of all three objects. In particular, with a bi-polar BLR we can account for the apparent correspondence between the shape of the Ha line profile in polarized flux and the scattering geometry as indicated by the orientation of the E vector with respect to the axis of the radio source. Within the geometry envisaged by unification schemes for radio-loud AGN there are two obvious locations where scattering might occur: the inner surface of the dusty torus postulated to surround the BLR and continuum source, and in polar zones defined by the torus opening angle. We find that provided the torus has a reasonably wide opening angle and its surface layers are not too optically thick, toroidal scattering produces polarized line emission with a centrally peaked polarized line profile and an E vector parallel to the radio axis (assuming that the BLR, torus and radio jet are co-aligned). On the other hand, polar scattering produces a double-peaked polarized line profile with an E vector perpendicular to the radio axis. The observed Ha polarization of 3C 390.3 (and Arp 102B) can therefore be attributed to toroidal scattering, whereas that of 3C 332 is consistent with polar scattering.
The fact that 3C 390.3 and 3C 332 appear to be subject to different scattering geometries can be interpreted as an orientation effect since the degree of polarization has a different dependence on the inclination of the system axis to the line of sight for the two scattering routes. The observed polarization reaches a maximum at intermediate inclinations (i , 508) for toroidal scattering but increases systematically with inclination for polar scattering. The implication is that 3C 332 is observed at a larger inclination than 3C 390.3 and this is supported by the exceptionally steep Balmer decrement exhibited by the former and the superluminal motion observed in the mas radio jet of the latter.
We therefore conclude that the observed polarization properties of the three BLRG exhibiting double-peaked Balmer lines that we have observed to date are better explained if their broad Ha lines arise in bi-polar outflows (or anisotropically illuminated spherically symmetric outflows) aligned with the radio jet axis, rather than in rotating discs. Depending on whether the source is viewed at moderate or large inclinations the polarization results from scattering either in an atmosphere associated with the inner surface of the circumnuclear torus, or in polar clouds located along the common axis of the torus and radio jet.
There are, nevertheless, certain difficulties with bi-polar/ anisotropically illuminated outflow models for the BLR. One is that an accretion disc is still expected to be present and if it is sufficiently optically thick to line emission, as has been argued by Livio & Xu (1997) , it will obscure the receding gas flow, suppressing the red-shifted peak in the observed line profile. Another is that broad double-peaked line profiles should be most prominent in objects having core-dominant radio sources, i.e. those in which the radio-jet/BLR axis is orientated close to our line of sight. This appears to conflict with the relationship between the radio source compactness parameter R and the broad line FWHM reported by Wills & Browne (1986) , which suggests that the broadest line profiles occur in objects with lobe-dominated radio sources. However, it is certainly not clear that as a group, thè double-peaked' Ha emitters follow the Wills & Browne FWHM±R relationship. EH94 identified 12 such`disc-like emitters' in their survey of radio-loud broad-line AGN. These include objects with both core-and lobe-dominated radio sources, yet their Balmer line widths are extreme compared to other BLRG. The median FWHM for the double-peaked emitters is <11 000 km s
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, compared with 5100 km s 21 for the remainder of the objects in the EH94 sample. EH94 have argued that the double-peaked emitters form a distinct subclass of BLRG, distinguished not only by their line profiles but also a relatively small contribution to the optical continuum from the AGN and unusually strong low ionization forbidden lines. It is possible therefore that physical conditions in the double-peaked emitters differ from those in normal radio-loud AGN in such a way that the component of the BLR that emits the displaced peaks in the Balmer lines (either the accretion disc as advocated by EH94, or a bi-polar outflow, as we have argued here) is particularly prominent in these sources. Since this component dominates the Balmer lines and determines their FWHM, we would expect these lines to be relatively broad whatever the orientation of the radio jet, as appears to be the case. It follows that the general FWHM±R relationship has little relevance to understanding the doublepeaked Ha emitters.
The accretion disc model is itself not completely free of problems. In particular, it is unclear if the variations in the relative intensities of the displaced peaks, which have been observed in 3C 390.3 (e.g. ) and other objects, can be accommodated within this model. It has been suggested that the disc has significant ellipticity (Eracleous et al. 1995) or a rotating hotspot , but in either case, the flux ratio of the blue and red peaks should be periodic. This has not been observed in 3C 390.3 , and although it has been claimed that Arp 102B exhibits periodic behaviour, only one period of the proposed cycle has been seen .
It should be noted that neither the accretion disc nor the biconical outflow models offer an explanation for the broad central peak which is present at different levels in the Ha profiles in all three of the`double-peaked' objects. This feature is located between the red-and blue-shifted Ha peaks and, in Arp 102B, is comparable in width to high ionization UV lines such as C iv l1550 and Lya (Halpern et al. 1996) which do not themselves exhibit red-and blue-shifted peaks. Halpern et al. argue that whereas the bulk of the Balmer line emission arises in a relativistic disc, the high ionization lines and the central Ha peak come from a separate component which they identify as thè normal BLR' presumed to be the dominant source of (all) broadline emission in most AGN. In the case of 3C 390.3, however, this idea seems less plausible since the time-averaged C iv and Ha profiles have comparable overall widths and exhibit blue peaks at comparable velocities (Wamsteker et al. 1997 ; although the red displaced peak is not prominent in C iv).
Setting aside the question of the nature of the BLR, the twocomponent scattering geometry we have discussed is likely to have wider relevance in relation to unification schemes for radioloud AGN. It predicts a relationship between the broad emission line polarization (in particular ± the continuum polarization may be partly owing to synchrotron radiation) and the morphology of the radio source, as characterized by the compactness parameter, R. Both of these properties are dependent on the inclination of the torus/radio jet axis to the line of sight. Hence, for a given total radio power, objects whose radio sources are characterized by high values of R (where the source is viewed close to the jet axis) should have weakly polarized emission lines, whereas intermediate and low values of R should correspond to significant polarization parallel and perpendicular, respectively, to the radio axis. Of the 11 radio-loud AGN we have so far observed, nine might be expected to conform to this scheme and most of these (seven) do in fact exhibit the predicted correspondence between polarization and radio source morphology. However, other parameters are also likely to be important and a more stringent test of this idea must await observations of a larger sample matched in total radio luminosity.
